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Ion  axehansa  taohniquas  vara  usad  to  produoa  a  faailp  of  9d  tranaition  aatal  B'^aAvaiQ**  by 
aubatitution  of  tha  aodiua  ion  oontant  in  Ha  -S'^*alUBiaa  aii^a  oryatala.  Coaplata  or  nearly 
eoaplata  raplaoaaant  traa  obtained  for  Cr^*.  Mn**.  Oo^*.  and  Ni**  oer^poaitiena.  Optical  pro- 


partiaa  of  the  oryatala  vara  atudiad  and  both  broad  abaorptlen  and  broad  flnoraaoanoa  banda 
vara  obaarvad.  Environnantal  aapoaura  pro^oad  datrinantal  affaota  ovar  loag  tina  parioda. 
auggaating  hydration  of  tha  conduction  planaa. 


1.  INTRODQCIIOM 

1  2 

Pravioua  atudiaa  *  have  found  that  tha 
antira  aodiun  ion  oontant  of  B'*~siuhiBa  oon 
raadily  bo  roplaoad  by  a  variaty  of  divalant  and 
trivalont  oationa.  In  aavaral  oaaaa.  it  haa 
boon  found  that  tha  raaultant  natariala  hava 
intaraating  optical  propartiaa  in  addition  to 
faat  ion  tranaport.  For  annpla.  Nd**  axohangad 
S'*-aluBina  ainglo  oryatala  have  boon  found  to 
laaa  and  to  exhibit  axtraaaly  hi^  fluoraaoant 


gain  ooaffioionta  in  ooapariaon  vith  Nd:IA0 

laaara.* 

Tha  raaoaroh  on  lanthanida  B'*-aluniaaa 
pronptad  our  intoraat  in  tha  Id-tranaition 
netala  aa  oaodidataa  for  axohanga  into  P'*- 
alunina.  Sararal  iona  vithin  thia  aariaa  exhi¬ 
bit  broadband,  vibronio  fluoraaoant  tranaitlona 
duo  to  tha  interaction  of  thoir  inooaplata  9d 
alaotron  ahalla  vith  looal  eryatal  fialda.  Thia 
phenonenon  allova  for  tha  davalopnant  of  tunable 
aolid  atata  laaara  uaing  varioua  oxide  and  non- 
OKlda  beat  natariala.  lolativaly  little  vork 
haa  bean  dona,  hevavar.  vith  |'«-alttBina  ayotana 


in  vhiob  tha  axohaiicad  iona  vara  oapabla  of  nul- 
tipla  valanoa  atataa.  In  addition  to  thia  prob- 
iM.  the  axobanga  of  tranaition  natal  iona  gen- 
arally  inedvaa  the  aubatitution  of  iona  vith 
vary  avail  radii,  potentially  inducing  large 
atraaaaa  vithin  tha  oryatala.  The  preparation 
of  tbaaa  natariala.  and  their  intaraating  opti¬ 
cal  propartiaa  are  reported  in  thia  paper. 

2.  PREPARATION  OP  THE  MinRIALS 

SaTaral  tranaition  natal  S**-aluninae  vara 
prepared  uaing  atandard  ion  exchange  taobniques 
on  aii^a  oryatala  of  Na*-f'*-alunlna  (Table  1). 
Cryatala  vara  either  Innaraad  in  noltan  halide 
aalta  of  appropriate  oonpoaitiona  or  placed  in 
the  proxlnlty  of  heated,  but  unaaltad.  aalta  for 
Tarying  tinea,  la  thia  latter  oaaa  tha  aalt 
exhibited  a  auffioieatly  high  vapor  praaaura 
auoh  that  ion  axohanga  eoourrad  fron  axpoaura  to 
the  vapor  phaaa.  For  all  aanplaa.  oaraful 
atnoaphario  control  vaa  required  to  prevent  oxi¬ 
dation  of  tha  halide  aalta  aa  vail  aa  to  prevent 


TABU  1:  Ion  Bzeliaag*  Conditions  for  frnnaition-ltotal-B'*-AlUBinns 


I(BI 

BXCHABGE  IBOZOM 

TBMPEBATDBE(*C) 

TXIB(br) 

PBRCEBT  BZCHABGED 

Cr** 

Liquid: 

SlCra^/dfBaa 

700 

1 

30 

Taper: 

era, 

13 

90 

_L^uld: 

Mna,  _ 

. <3$ 

„15  .  _ 

.  _10Q 

Co** 

Liquid: 

CoCl, 

7S0 

2 

100 

Bi** 

Uquid: 

SiBia^/dtMaCl 

700 

12.S 

25 

Vapor: 

Bia, 

33 

90 

roTMtion  of  Bultiplo  vsloneo  ststos  of  tbo 
ostions. 

Mosul ts  indiesto  thst  substsntisl  or  oob- 
plots  ozebnngo  was  sttainod  for  Cr^**  Mn^'*'« 

Co^**^.  sod  using  both  tho  liquid  and  vapor 
pbaso  toohniquoa.  Tho  oryatals  poasoss  good 
■oohanioal  intogrity  and  s-rajr  diffraction  indi** 
oatos  that  tho  g’^alunioa  struoturo  was  rotaiood 
without  aodifioation.  dospito  tho  anall  siso  of 
tho  substitutional  ions.  Tbo  oztont  of  tho 
ozehango  roaetions  was  Bonitorod  by  both  gra- 
viBotrio  Boans  and  Enorgy  Disporsivo  I>ray  <Bn) 
analysis,  tho  lattor  also  hoii^  usod  to  idontify 
iapuritios  and  inboBogonsitios  in  tho  erystal. 

Tbo  vapor  phaao  ozobangos.  aohiovod  by 
oithor  burying  tho  erystal  in  an  ozooss  of  tbo 
halido  powdors  or  by  susponding  it  abovo  tbo 
powdor  aouroo.  roquirod  longor  roaotion  tiBos 
than  oorrospondii^  Bolt  ozobangos.  This  Botbod. 
howovor.  onablos  ono  to  obtain  ooBploto  ozehango 
St  Buob  lowor  tOBporaturos  than  tboso  roquirod 
for  tbo  Bolt  pbaso.  In  gonoral.  tbo  rosulting 
Bildor  syntbosis  oonditions  provost  dotrlBontal 
offsets  to  tbo  erystal.  For  ozoplo,  eoBploto 
ozebaago  of  Bi^*^  iMS  froB  a  Bolt  of  BiClj  would 
roquiro  Bolting  tbo  salt  in  ozeoss  of  1100*C. 
while  tbo  vapor  pbaso  ozebaago  was  possiblo  at 
700*C.  This  tOBporaturo  roduetimi  is  eritieal, 
for  It  has  boon  shown  that  aovorsl  of  tbo 


ozobaagod  g'*-aluBiaas  are  prone  to  doooBposition 
when  boated  to  tonporaturos  of  abovo  900*C.^ 

S.  OPTICAL  PROPBBTIBS 

Although  Bost  lasers  operate  at  single 
wavoloagtbs.  tbo  suoeoss  of  tbo  rooB  toBporaturo 
operation  of  tho  CrtBoAljO^  (alozandrito)  tun¬ 
able  laser*  operational  over  tbo  range  for  7S00 
to  tOOOA*  bas  qturrod  Buob  intorost  in  tbo  util¬ 
isation  of  broad  band  vibronio  transitions. 

Most  radiative  transitions  within  tbo  3d  transi¬ 
tion  Botal  ions  take  plaoo  via  suoh  broad  bands, 
and  thus*  tboro  is  the  potential  for  a  whole 
series  of  solid  state  lasers  that  are  tunable 
over  largo  wavelength  regions.  Bworous  studies 
of  transition  aetal  ions  in  various  erystal 
hosts  have  taken  plaoe.  Although  there  is  a 
wealth  of  speotrosoopio  infomation,  there  are 
relatively  few  effective  laser  hosts  available. 
Our  initial  ozporiBonts  wore  porforaod  with  the 
intent  of  detamining  the  applicability  of  g'*- 
aluBina  as  a  bost  for  tonable  solid  state 
lasers,  la  that  it  has  already  denonstratod  sue- 
eess  as  a  laser  best  for  Id*^  lens. 

Absorption  and  flooresoenee  ^otra  for 
several  single  crystals  of  ion  ezobanged  g'*- 
aluBiaa  with  various  Cr*^  oenoentratieas  (the 
balaaoe  being  residual  Ba^  ions  within  the  oon- 
duotion  plane)  wore  porferBod.  Tho  absorption 


0.30  0.50  0.70  0.00  t.10 

figure  1.  Absorption  Spsotrioi  of 
alUBlns. 


ipoetrs  vers  obtslnsd  using  s  Csry  Model  14 
Speetrophotoaeter.  Cr^'^-A*'-aluBlns  vss  found  to 
isve  strong  absorption  peeks  esntered  et  4200A 
ind  g400A  (Fig.  1)»  giving  the  orjstels  e  deep 
preen  oolor.  Fluoresoent  ealsslon  (Induced  bf 
naplng  with  a  Speotra-FhFslos  argon  Ion  laser 
it  4II0A)  was  observed  free  (900A  to  90(K)A. 
liese  values  are  quite  typleal  of  Cr^^  optical 
ipootra  In  a  variety  of  other  hosts,  represent- 
ng  Interaotion  between  the  (at  4200A) 
od  *7^  (at  <400A)  states  with  the  vlbronloally 
roadsnsd  ground  state  ^Aj.  Mo  evldsnoe  of  the 
arlty  and  spin  forbidden  ^14— P^A^  transition 
s  observed,  probably  due  to  overlap  of  the 
tate  with  the  The  plaoaaent  of  these 

ransltlons  suggests  that  the  local  crystal 
laid  envlronaent  of  the  Cr***^  ions  within  the 
'*-alualna  conduction  plane  Is  octahedral,  which 
ould  place  thaa  within  the  aid-oxygen  (aO) 
osltlon  of  the  crystal. 

9 

The  absence  cf  the  I  lino  suggests  that 
he  aagnltttde  cf  the  crystal  field  envlrenaent 
n  GF^^'^-alualna  Is  slallar  to  that  of  Cr**^  In 
900  (0d|(8e.0a)20aj0j2l •  vhloh  has  an 
atahedrally  syMstrlo  Cr*'^  site  with  a  crystal 
laid  of  Dq  ■  14S0  ea~^  and  a  laeah  paraaeter 
■  <90  ea*^  (Dq/B  ■  2.20).^  This  produces 


2  4 

a  direct  overlap  of  the  B  and  T^  levels. 

Bowever.  the  observed  roca  taaperature 
fluoresoent  llfetlaes  of  the  P'Hdualna  crystals 
Is  auch  greater  than  that  observed  In  0900  (650 
versus  US  alereseoonds).  This  trend  usually 
suggests  that  there  Is  a  greater  separation 
between  the  ^E  level,  which  typically  has  llfe- 
tlaes  of  several  allliseoonds.  and  the  ^T^ 
level,  whose  llfetlae  Is  asasured  in  the  tens  of 
aloroseoonds.  Oiven  that  we  observe  a  llfetlae 
greater  even  than  that  of  alexandrite  (242 
aloroseoonds  at  roca  taaperature)*.  It  would 
suggest  a  larger  crystal  field  thaa  concluded 

7 

above,  aore  on  the  order  of  Dq/B  *  2.S. 

The  taaperature  dependent  behavior  of  the 
fluoresoent  llfetias  of  Cr*^-B'*-alunlaa  falls  to 
provide  any  explanation  for  these  ooatradictory 
observations.  The  llfetlaes  are  found  to 
decrease  exponentially  with  Increasing  teapera- 
ture.  Inferrli^  the  presence  of  seas  ooapetlng 
non-radlative  process.  A  plot  of  the  noa- 
radlatlve  decay  rate  versus  inverse  taaperature 
(Fig.  2)  Indicates  that  the  process  has  an 
activation  energy  of  0.14  oT.  which  la  of  the 
sane  order  of  that  for  sodlw  ion  notion  in  this 
taaperature  range.*  Vhlle  It  Is  teaptiag  to 
associate  the  aon-radiatlve  processes  with  Ma'*^ 


iooa/T(K) 


Figure  2.  BoKradlatlve  decay  rate  la 

Cr*  -B*«>alvBlaa  versus  taaperature. 


ioB  BOtiOD.  tli«r«  mty  b»  ottamr  ooBpttlat  non- 
radlatlT*  prooMMa,  suoh  aa  ■ulti'pbonon  daoay. 
and  partitioning  Yia  Boltsaaonn  diatrlbutiena 
botwaan  tba  eloaaly  lying  and  lavala.* 
Kora  datallad  optloal  and  ion  tranaport  atudioa 
ara  ntoaaaary  in  ordar  to  ondaratand  tba  non- 
radlativa  Baohanlaaa  ooourrlag  in  thia  aolld 
alaotroiyta; ' 

In  addition  to  tba  abova  affaota  tbara 
alao  aaaa  to  ba  otbar  prooaaaaa  vhloh  oontrlbuta 
to  tba  obaarvad  valuaa  of  fluoraaoant  lifatlaaa 
in  tbaaa  eryatala.  Conoantration  guanobing  baa 
baan  obaarvad*  aa  Ineraaaing  aaounta  of  Cr^^ 

Iona  vitbln  tba  oonduotion  plana  bava  baan  found 
to  raduoa  tba  llfatlaa  by  aora  than  an  ordar  of 
■agnituda  (Pig.  S).  inotbar  qoanobing  affaot  on 
tba  fluoraaoant  llfatlaa  ooeura  froa  tba  axpo- 
aura  of  tba  eryatala  to  aabiant  anvironaanta 
ovar  long  parioda  of  tiaa.  For  azaapla.  a  ery- 
atal  Mboaa  llfatlaa  laaadlataly  aftar  azebanga 
vaa  aa  blgb  aa  2  aaao  waa  found  to  dagrada  to 
SOO  ateroaaeonda  aftar  prolongad  aabiant  expo- 
aura  (l.a.,  aontba).  Tba  prooaaa  vaa  found  to 
ba  at  laaat  aoaavbat  ravaralbla.  Baatlng  tba 
oryatal  to  SSO*C  for  4S  boura  ralaad  tba  llfa- 
tlaa  to  650  aleroaaoonda . 

Blavatad  baatlng  vaa  alao  found  to  affaot 


*llBra  2.  Fluoraaoant  llfatlaa  of  Cr-f'*- 

alualna  varaua  CP  eoaoantratlen  in 
bydratad  and  driad  atataa. 


tba  aiza  of  tba  o-axla  lattloa  paraaatar  of  tba 

eryatala.  In  tba  uabaatad  (abort  llfatlaa) 

atata*  a  e-axla  valua  of  tS.666A  vaa  aaaaurad* 

vbaraaa  after  48  boura  of  baatlng.  tba  valua  vaa 

SS.S47A.  Tba  ability  Of  vatar  aolaoulea  to  dlf- 

fuaa  Into  p'<'alualBa  and  altar  tbalr  lattloa 

a 

paraaatara  la  vail  aatabliabad.  In  addition* 

vatar  la  vail  knwn  for  Ita  ability  to  quanob 

fluoraaoanoe  ovar  a  vlda  variety  of  anargiaa  due 

to  Ita  aany  vibrational  and  banding  aodaa.  Ifaa 

praaant  raaulta  Indloata  that  oar tain  optloal 

propartlaa  nay  ba  aanaitlve  to  aoiatura.  A  aora 

oontrollad  atudy  of  tbia  babavlor  la  neoaaaary 

to  identify  and  obaraotariaa  tbaaa  affaota. 

2'f 

The  abaorptlon  apaotra  for  Co  Ion 
azobangad  p'*'alualna  vaa  alao  aaaaurad  (Fig.  4) * 
ravaallng  atreng  paalca  at  5500*  5825*  and  6200A* 
and  laaaar*  but  atlll  atrong*  abaorptiona  at 
12*500*  15*625  and  15*2501.  Iba  poaitlon  of 
tbaaa  paaka  la  In  azoallant  agraaaant  vitb  tba 

24- 

raaulta  reported  for  Co  In  varloua  ozida  boata 

eontalnlag  tatrabadral  altaa.^^  Tbla  Indloataa 

2+ 

that  tba  prlaary  looatlon  of  tba  Co  Iona  la 
tba  tatrabadral  Baavara-Boaa  type  aita  (6o)* 
daaplta  tba  faot  that  aoat  divalent  lona  In  p’*- 
alualna  azblblt  algnlfloant  population  of  both 
tba  BR  and  ald-ozygan  altaa.^^ 


010  000  OTO  0.00  V10  1.10  ISO 
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Flyura  4.  Abaorptlon  Spaetrua  of  Co^^-p'*- 
alualna. 


Th*  •xecllwit  agTAMcnt  with  th«  tbAorati- 
oal  llM  positions,  ss  well  ss  ths  sbssnos  of 
SOP  ualdsntlflod  lines  helps  to  verify  that  all 
the  eohalt  lens  present  In  the  orystal  are  In 
the  2-*^  state,  and  that  no  00^**^  Ions  were  foraed 
during  the  asehange  prooess. 

Absorption  ^otra  for  II  -|'*-aluBlna 
(Pig.  S)  produces  peaks  at  S7<0,  «NH),  <37S, 

7200  and  22,5001.  This  latter  absorption  Is 
positioned  slnllarlp  to  the  absorption  due  to 
the  first  exelted  state  of  ■1^'*^  la  HgO.^^  low- 


enrer,  the  oonplesltp  of  the  apaetra  and  the  aen- 
altlvltp  of  the  11^^  ion  to  erpstal  flolds 
prevents  the  Ideatlfloatloa  of  the  other  Haas 
la  the  speetria.  Lew  tanperaturo  ■aasureneats 
will  be  aeoesaarj  to  raaelvo  asM  of  the  over- 
lappli^  and  detemlaa  orpatal  field  strength  and 


4  X  (xnaoszoi  , 

jVxhe  preparation  of  a  nsw  fanllp  ef  ^ 
alunlnas  bp  the  subatltutlea  ef  M  traasltlea 
■etal  Ions  for  Melons  has  enabled  ua  to  begin 
Investigating  a  new  aeries  ef  naterlals  with 
potential  as  solid  state  tunable  lasers.  The  / 
optical  properties  of  these  naterlals  oenpare  / 
favorably  with  those  of  naterlals  previously/ 


4\  (XM&Ll 
\^e 


{  0.« 
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fignen  S.  Abnoeption  ^psetran  of 
sliadM. 


'studied,  and  the  vast  benefits  ef  Ion  ezohange 
as  a  preparation  teehnlque  pamlt  the  synthesis 
of  nany  sanples  oovarlng  a  wide  variety  of 


active  iM  oonqei^atlens.  Initial  results  with 
Cr^  exohangedlSS^^inilaa  Indleate  that  hydra¬ 
tion  effects  nay  Influenoe  the  optleal  proper¬ 
ties  of  this  naterlal. 
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